We investigate the modified F (R)-gravity theory with the function F (R) = (1 − 1 − 2λR − σ(λR) 2 )/λ. The action is converted into Einstein-Hilbert action at small values of λ and σ. The local tests give a bound on the parameters, λ(1 + σ) ≤ 2 × 10 −6 cm 2 . The Jordan and Einstein frames are considered and the potential, and the mass of the scalar field were obtained. The constant curvature solutions of the model are found. It was demonstrated that the de Sitter space is unstable but a solution with zero Ricci scalar is stable. The cosmological parameters of the model are evaluated. Critical points of autonomous equations are obtained and described.
Introduction
One of ways to explain the inflation and present time the Universe acceleration is to modify the Einstein-Hilbert (EH) action of general relativity (GR) theory. Here we consider the F (R)-gravity model replacing the Ricci scalar R in EH action by the function F (R). Such F (R)-gravity model can be an alternative to Λ-Cold Dark Matter (ΛCDM) model where the cosmic acceleration appears due to modified gravity. Thus, instead of the introduction of the cosmological constant Λ (having the problem with the explanation of the smallness of Λ) to describe dark energy (DE), we consider the new gravitational physics. The requirement of classical and quantum stability leads to the conditions F ′ (R) > 0, F ′′ (R) > 0 [1] , where the primes mean the derivatives with respect to the argument. These conditions do not fix the function and, therefore, there are various suggestions in the form of the function F (R) in literature. It should be mentioned that the first successful models of F (R) gravity were given in [2] , [3] , [4] . In this paper we investigate the Born-Infeld (BI) type Lagrangian with the particular function 2 φ (λR) are given for σ = −0.9. We show that the de Sitter phase is unstable and the flat space (a solution with the zero curvature scalar) is stable. The slow-roll cosmological parameters of the model under consideration are evaluated and the plots of functions ǫ(λR), η(λR) are given in Sec.4. In Sec.5 critical points of autonomous equations are investigated. The function m(r) characterizing the deviation from the ΛCDM model is evaluated and the plot is presented. A particular case of the model with the parameter σ = 0 is studied in subsection 5.1 in details. The results obtained are discussed in Sec.6.
The Minkowski metric η µν =diag(-1, 1, 1, 1) is used and we assume c=h=1.
The Model
We suggest the modified F (R)-gravity model with the Lagrangian density
where κ = √ 8πm −1 P l , m P l is the Planck mass, λ has the dimension of (length) 2 and σ is dimensionless parameter. The action is given by
were L m is the matter Lagrangian density. It follows from Eq.(1) that at σ = −1, we have F (R) = R and one comes to Einstein-Hilbert action. Therefore, we imply that the unitless parameter σ is in the order of 1 and is close to -1 to recover GR at low curvature regime. In the works [10] , [11] , [12] , [13] the BI type model, where instead of R 2 -term in (1) the Gauss−Bonnet invariant, including R µν R µν , R µναβ R µναβ terms, was considered which belongs to F (R, R µν R µν , R µναβ R µναβ ) model. At a particular case σ = 0 different aspects of the model were investigated in [11] , [13] , [15] . Other variants of BItype gravity were considered in [16] , [17] , [18] , [19] , [20] , [21] , [22] , [23] , [24] . Since function (1) should be real, one has the restriction 2λR + σ(λR) 2 ≤ 1. The Taylor series for small values of λR gives
Thus, at small value of the constants λ and σ introduced, one comes to Starobinsky's model [9] , that gives the self-consistent inflation [1] . The model under consideration satisfies observational data at a bound on λ and σ because GR passes local tests. From laboratory experiment [25] , [26] (see also [27] , [28] ) the restriction on the function is F ′′ (0) ≤ 2 × 10 −6 cm 2 . Then, we obtain from Eq.(3) the bound on the parameters λ, σ:
Since the Taylor series (3) contains all powers in Ricci curvature R at λR ≪ 1, the model under consideration can give nontrivial description of the Universe evolution.
Constant Curvature Solutions
In the case when the Ricci scalar is a constant R = R 0 equations of motion give [29] 
From Eq.(1), one finds
Eq.(6) can be written as
where x = λR 0 . The trivial solution to Eq.(7) x = 0 corresponds to flat space-time. For 1 > σ > −1 cubic Eq.(7) possesses non-trivial real solutions. From Eq. (7) one can find the value of σ as a function of x (we use only one root obeying 1 > σ > −1)
Below in Table 1 there are approximate values of x obeying Eq. 
Inequalities in Eqs. (9), (10) are satisfied at λ > 0, σ > −1 (2λR + σ(λR) 2 ≤ 1 and the F (R) is a real function). One can verify that conditions (9), (10) are satisfied for constant curvature solutions obtained (see Table 1 ). As a result, nontrivial solutions to Eq. (7) lead to the Schwarzschild-de Sitter space and the trivial solution, R = 0 corresponds to the Minkowski space. If the condition
, it can describe DE which is future stable. This leads to x σ 2 x 2 + 3σx + 3 < 1.
The trivial solution R 0 = 0 obeys the requirement (11) and it is stable. One may verify that nontrivial solutions to Eq. (7) represented in Table 1 do not satisfy Eq.(11). Therefore, constant curvature solutions (in Table  1 ) give unstable de Sitter space and can describe inflation. Below we show that constant curvature solutions correspond to the maximum of the effective potential in Einstein's frame. Thus, the model suggested mimics DE for the space-time without matter.
The Scalar-Tensor Formulation of the Theory
The modified F (R)-gravity model in the Jordan frame can be represented in the scalar-tensor form corresponding to the Einstein frame. Thus, we perform the conformal transformation of the metric [31] 
and Eq. (1) takes form of the Lagrangian density corresponding to the scalartensor theory of the gravity
The scalar curvature R in Einstein's frame is calculated by the new metric (12) . The scalar field φ and the potential V (φ) are given by
The plots of the functions φ(R) and V (R) at σ = −0.9 are represented in Fig.2 and Fig.3 , correspondingly. From Eq. (15) we find the extremum of the potential
From Eqs. (5), (16) we make a conclusion that the constant curvature solutions to Eq. (7) correspond to the extremum of the potential. The potential function (15) possesses the minimum at φ = 0 and the maximum is given by Eq. are unstable. From potential (15) , one finds the mass squared of a scalar state
The plot of the function λm 2 φ versus x = λR is given by Fig.4 . It is seen from Fig.4 that for the constant curvature solutions given by Table 1 
With the help of Eq.(3), in the liner approximation, we obtain from Eq.(18) the restriction λR ≪ 1/(1 + σ). Thus, for σ = −0.9, we obtain λR ≪ 10 which is satisfied (see figures). Let us consider the slow-roll parameters which are given by [32] 
were the reduced Planck mass is M P l = κ −1 . From Eqs. (15), (17) we obtain the slow-roll parameters expressed via the curvature
where x = λR. The function φ(R) is given by Eq. (14) and represented by Fig.2 . The slow-roll approximation is valid when the conditions ǫ ≪ 1, | η |≪ 1 are satisfied. The plots of the functions ǫ, η at σ = −0.9 are given in Fig.5 and Fig.6 , respectively. The inequality ǫ < 1 holds at λR > 0.66 and |η| < 1 at λR > 0.732 (and at 0.486 < λR < 0.499). One can calculate the age of the inflation by evaluating the e-fold number [32] The φ end corresponds to the time at the end of inflation. We find the number of e-foldings from Eqs. (14), (15) 
were y(x) = √ 1 − 2x − σx 2 , and the value x end = βR end corresponds to the time of the end of the inflation when ǫ or |η| are close to 1. One can verify that even for x end = 0.7 and x = 0.7269, we get N e ≈ 6 that is not reasonable amount of the inflation [32] . Thus, the model under consideration describes the inflation but does not reproduce the necessary age of the inflation. Therefore, this model can give an approximated account of the Universe evolution.
Critical Points and Stability
Let us consider the dimensionless parameters [33] 
where H is a Hubble parameter and the dot defines the derivative with respect to the cosmic time and the function m(r) (see [33] ) characterizes the deviation from the ΛCDM model. With the help of variables (24) equations of motion in the absence of the radiation (ρ rad = 0) can be represented as autonomous equations as follows [33] :
where i = 1, 2, 3, N = ln a is the number of e-foldings, and functions f i (x 1 , x 2 , x 3 ) are given by
The critical points for the system of equations can be investigated by the study of the function m(r). From Eqs. (1), (9) and (10), one finds
, where x = λR. The plot of the function m(r) is presented in Fig.7 . The de Sitter point P 1 [33] (in the absence of radiation, x 4 = 0) corresponds to the parameters x 1 = 0, x 2 = −1, x 3 = 2. With the help of Eqs. (5), (6), (25) , one can verify that this point corresponds to the constant curvature solutions (Ḣ = 0). The matter energy fraction parameter is given by Ω m = 1 − Fig.7 we have 1 < m(r = −2) and, therefore, the constant curvature solution x ≈ 0.73 (σ = −0.9) gives unstable the de Sitter space [33] (that we have mentioned before). A viable matter dominated epoch prior to late-time acceleration exists for the critical point P 5 (with EoS of a matter era w eff = 0, a = a 0 t 2/3 ) with m ≈ 0, r ≈ −1 [33] , and for this point x 3 = 1/2. The point P 5 belongs to the equation m = −r − 1 which has only the solution m = 0, r = −1 (R = 0) in our case. For the existence of the standard matter era the condition m ′ (r = −1) > −1 should hold [33] . From Eqs.(28) one finds the derivative m ′ (r) = (dm/dx)(dx/dr):
were y(x) = √ 1 − 2x − σx 2 . From Eq. (29) with the help of L'Hôpital's rule, we obtain the limit: lim x→0 m ′ (r) = −2. Thus, the condition m ′ (r = −1) > −1 does not hold and, therefore, the correct description of the standard matter era in the model is questionable. As a result, three general conditions, described in [33] for a successful F(R) model are not satisfied. Thus, the model under consideration does not lead completely to an acceptable cosmology. But for a detailed description of the Universe evolution one needs a numerical analysis of autonomous equations [33] .
The Particular Case, σ = 0
This case (σ = 0) corresponds to BI procedure of replacing R in EH action by the function F (R) = (1 − √ 1 − 2λR)/λ [11] , [12] , [13] , [15] . The plots of the functions φ(R), V (R), and m 2 φ given by Eqs. (14), (15) and (17) at σ = 0 are represented in Figs.8, 9 and 10. We also define the EoS parameter w eff , the deceleration parameter q, and the matter density parameter Ω m as follows:
For the particular case σ = 0, we obtain from Eqs.(25) the function m(r) = 2r(r + 1) (r = x 3 /x 2 ). Replacing m(r) into Eqs. (27) we obtain the functions of autonomous equations (26)
The equilibrium pointsx 1 ,x 2 ,x 3 are the solutions of the system of equations (26), where x ′ i are the linear perturbations around the equilibrium points, one finds the evolution of
we imply a summation on repeated indexes), where c ij are constants and λ j are eigenvalues of the Jacobian matrix J ij = ∂f i (x 1 , x 2 , x 3 )/∂x j . From Eqs. (31), we obtain equilibrium points, eigenvalues of the Jacobian matrix, and parameters defined in Eqs. (30) that are summarized in the Table 2 . The equilibrium point P 1 corresponds to de-Sitter solutions because w eff = −1, with accelerated expansion (q = −1), and is a saddle point since one of the eigenvalues is positive. This point is unstable as m(r = −2) > 1 [33] .
The point P 2 corresponds to so-called φ-matter dominated epoch (φMDE) [34] and represents the "wrong" matter epoch, Ω m = 2. Eigenvalues λ 2 , λ 3 are positive, and the point P 2 is a saddle equilibrium point with decelerated expansion (q = 1). It should be noted that calculating λ 2 , λ 3 for the point P 2 (as well as for the point P 3 ), we use L'Hôpital rule and imply that x 2 = x 3 → 0. Since w eff = 1/3, this point mimics the radiation.
The fixed point P 3 is an unstable node because all eigenvalues λ i are positive. It corresponds to the past attractor for the decelerated epoch (q = 1) and mimics the radiation (w eff = 1/3).
The point P 4 is similar to the point P 1 corresponding to de-Sitter solutions but it is a stable point (λ i < 0). This point mimics a cosmological constant (w eff = −1) and can be the late-time attractor.
The equilibrium point P 5 corresponds to a standard matter era (a ∝ t 2/3 ) and the necessary condition [33] m(r = −1) = 0 is satisfied, and the eigenvalues diverge.
The saddle fixed point P 6 does not correspond to any cosmological scenario since Ω m < 0 but from the definition (see Eq. (30)) it should be positive.
The point P 7 is a saddle fixed point and corresponds to decelerated expansion (q = 2). Since EoS parameter w eff = 1, this point mimics a stiff fluid. 
Conclusion
F (R)-gravity model suggested, with the Born-Infeld-like action, containing two scales (λ and σ), describes inflation corresponding to de Sitter solution. The bound on the constants λ, σ from the local tests was evaluated, Eq.(4). The de Sitter space is unstable and the constant curvature solution with zero Ricci scalar is stable. At small curvatures the action becomes the EH action and corresponds to GR without the cosmological constant. Thus, this model describes DE dynamically by the new gravitational physics. The Einstein frame was studied, the potential and the mass of the scalar degree of freedom were obtained (see Figs.3 and 4) . We have calculated the slow-roll parameters of the model, ǫ, η, and ranges where they are small. It was demonstrated that corrections of F (R)-gravity model under consideration are small compared to GR. The critical points (P 1 and P 5 in the classifi- cation of the work [33] ) of autonomous equations are investigated and the function m(r) characterizing the deviation from the ΛCDM-model is calculated. Although the matter dominated epoch (the point P 5 ) in the model exists but the necessary conditions for the standard matter era are not satisfied (m ′ (r = −1) = −2 < −1). As a result the particular model under examination can be an approximation describing the Universe evolution as many F (R)-gravity models considered in the literature. Even if this F(R) theory does not explain current acceleration of the Universe, it can describe early-time inflation and be alternative to GR.
